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ABSTRACT
This study describes the prevalence, clinical manifestations and microbiological characteristics of
attaching and effacing Escherichia coli isolates, i.e., enteropathogenic E. coli (EPEC) belonging to the
classical EPEC serotypes, non-EPEC attaching and effacing E. coli (A ⁄ EEC) and verocytotoxin-producing
E. coli (VTEC), isolated in a case-control study of Danish children aged <5 years. Among 424 children
with diarrhoea and 866 healthy controls, EPEC and VTEC were more prevalent in cases (2.4% and 2.6%,
respectively) than in controls (0.7% and 0.7%, respectively). There was a high frequency of A ⁄ EEC
isolates (n = 121), but these were equally prevalent in cases (11.3%) and controls (12.5%), and comprised
a heterogeneous distribution of O:H serotypes. The intimin (eae) subtypes in A ⁄ EEC isolates showed an
even distribution; the eae-c subtype predominated in classical EPEC cases. The virulence genes encoding
the bundle-forming pilus (bfpA) and enteroaggregative heat-stable enterotoxin (astA) were rare among all
isolates, and seemed to be of limited pathogenic importance in this population. Virulence character-
isation of A ⁄ EEC isolates did not reveal any significant differences between cases and controls.
Colonisation of children with A ⁄ EEC was associated with contact with sheep or goats (OR 2.2). The role
of A ⁄ EEC, not being VTEC or belonging to the classical EPEC serotypes, requires further clarification,
but serotyping is useful in discriminating between EPEC and A ⁄ EEC strains.
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INTRODUCTION
Diarrhoeal illness is one of the major causes of
morbidity and mortality in paediatric populations
throughout the world. Diarrhoeagenic Escherichia
coli strains are important aetiological agents,
among which classical enteropathogenic E. coli
(EPEC) strains predominate in terms of global
impact [1]. Although infectious diarrhoea is asso-
ciated with modest mortality rates in the indus-
trialised world, it remains an important cause of
morbidity, with substantial related health prob-
lems and socio-economic consequences.
Classical EPEC was the first group to be catego-
rised as including diarrhoeagenic E. coli, because
of its association with childhood diarrhoea [2].
Originally, EPEC strains were defined as belong-
ing to certain O:H serotypes in which no other
known virulence factors were detected; i.e., their
pathogenic mechanisms were unknown. Today,
the hallmark of EPEC infection is an attaching and
effacing lesion of enterocytes, which is a distinct
phenotype that is characterised by effacement of
microvilli, intimate adherence of bacteria to the
intestinal epithelial cell membrane in a pedestal
formation, and aggregation of polymerised actin
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and other elements of the cytoskeleton beneath
the bacterial adhesion sites [1]. The lesion is
mediated by genes located on the pathogenicity
island locus of enterocyte effacement. These
genes include the eae gene, which encodes an
outer-membrane protein, intimin [3,4]. The current
definition of EPEC includes E. coli strains that: (i)
have the ability to produce the attaching and
effacing lesion on intestinal cells; (ii) do not
produce verocytotoxin; and (iii) are diarrhoea-
genic.
The pathogenic ability of some of the classical
EPEC serotypes has been demonstrated in several
studies [5–7], and classical EPEC strains are well-
recognised as being diarrhoeagenic. However,
their diarrhoeagenic potential cannot be inferred
from the serotype itself, because strains belonging
to the classical EPEC serotypes may not necessar-
ily possess the virulence properties characteristic
of EPEC [8–13]. Classical EPEC eae-positive O:H
serotypes are grouped into typical EPEC, posses-
sing a large virulence plasmid (the EPEC adher-
ence factor (EAF) plasmid), and atypical EPEC
(EAF-negative) [14]. The role of eae-positive
strains of non-classical EPEC O:H serotypes as
diarrhoeagenic pathogens is less certain. A few
non-classical EPEC eae-positive serotypes have
been shown to be associated with diarrhoea
[15–20], and may be referred to as new EPEC.
However, the diarrhoeagenic potential of the
many and heterogeneous pathotypes of eae-posit-
ive strains that do not belong to any of the above-
mentioned groups remains unclear [21–24]. Their
pathogenicity presumably depends on various
factors, including bacterial virulence factors and
host factors, e.g., age, gut immunology and each
individual’s susceptibility to infection. In order to
analyse the Danish data in the present study for
differences among the various groups, eae-posi-
tive isolates other than classical EPEC or new
EPEC were designated simply as A ⁄ EEC (attach-
ing and effacing E. coli).
The exact prevalence and significance of (new)
EPEC and A ⁄ EEC strains of non-EPEC serotypes
as aetiological agents of childhood diarrhoea in
the industrialised world is not well-established
and seems to vary in different countries, depend-
ing on classification and choice of diagnostic
procedures [11,22,24–26]. For example, A ⁄ EEC
strains were found frequently among Norwegian
children with diarrhoea [27], albeit without the
use of a control group; however no significant
differences were observed in a subsequent case-
control study, although an association between
eae-positive E. coli and prolonged diarrhoea was
revealed [28]. In a Brazilian study, only typical
EPEC strains were associated significantly with
diarrhoea [29]. In a case-control study of Danish
children aged <5 years, both EPEC and verocyto-
toxin-producing E. coli (VTEC) were found to be
associated with disease, whereas A ⁄ EEC strains,
although isolated frequently, were found equally
frequently among cases and controls [30]. In the
present study, the significance of the clinical and
microbiological characteristics of this Danish
collection of eae-positive isolates is investigated
in more detail.
MATERIALS AND METHODS
Study design and participants
A detailed description of the study design has been presented
previously [30]. In summary, stool samples from 424 cases and
866 controls, matched for age, gender and county of origin,
were collected prospectively between March 2000 and Decem-
ber 2001. Participants in the study were among cases aged
<5 years who submitted stool samples for examination for
enteric pathogens to the central enteric laboratory at Statens
Serum Institut (SSI), Copenhagen, Denmark. Matched asymp-
tomatic controls were selected from the National Population
Register. Parents of recruited controls were asked to submit
stool samples. Only one sample from each case and control
was included in the study. The parents of cases were
interviewed by telephone according to a pre-mailed standard
questionnaire that focused on clinical information, underlying
medical condition(s) and general exposure [31]. Parents were
asked to report the following clinical symptoms: bloody stools,
abdominal pain ⁄ nausea, vomiting, fever and weight loss, and
whether the child had been hospitalised or had received
rehydration therapy during the infection. The duration of
disease symptoms was defined as the time that elapsed
between the beginning and end of clinical symptoms, as
reported by the parents. Cases without diarrhoea were
excluded from the study, e.g., cases reporting fever only or
abdominal pain only.
Isolation of enteric pathogens
Isolation methods were those described previously [30]. In
brief, stool samples were examined for various bacterial
enteropathogens, including diarrhoeagenic E. coli strains.
VTEC, EPEC, A ⁄ EEC, enteroinvasive E. coli, enterotoxigenic
E. coli and enteroaggregative E. coli were detected using
colony dot-blot probe-hybridisation assays. Dot-blot-positive
isolates were confirmed phenotypically as E. coli using the
MinibactE kit (SSI) [32], and were characterised by the Vero
cell assay and serotyping. Shigella, Salmonella, Campylobacter,
Yersinia and Vibrio spp. were identified using standard SSI
methods; viruses were diagnosed using ELISA or PCR, and
parasites by microscopy.
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O:H serotyping and classification
O:H serotyping was performed using the methods described
by Ørskov and Ørskov [33]. E. coli isolates (vtx-negative) that
reacted with the eae probe and belonged to one of the
classical EPEC serotypes (O26:H–, O26:H11, O26:H34, O55:H–,
O55:H6, O55:H7, O86:H–, O86:H34, O111:H–, O111:H2,
O111:H25, O114:H–, O114:H2, O119:H–, O119:H2, O119:H6,
O125:H–, O125:H6, O125:H21, O126:H–, O126:H2, O126:H21,
O126:H27, O127:H–, O127:H6, O126:H21, O128:H–, O128:H2,
O128:H7, O128:H12, O142:H–, O142:H6, O158:H– and
O158:H23) [30] were classified as EPEC; serotypes O39:NM
[17], O88:H25 [16,18,20], O111:H8 [14], O111:H9 [14],
O126:H12 [15], O127:H4 [19], O145:H45 [16,18], O157:H8
[34] and O157:H45 [35] were considered to be new EPEC
strains; isolates not belonging to these serotypes were
classified as A ⁄ EEC. Isolates reacting with the EAF and ⁄ or
bfpA probes were considered to be typical; isolates were
considered to be atypical if they did not react with either of
these two DNA probes.
Virulence factors
All eae-positive E. coli isolates were examined for the presence
of the additional virulence markers and genes. The EAF
plasmid and the genes encoding bundle-forming pilus (bfpA),
enterohaemolysin (ehxA) and EAST1 (astA) were detected by
DNA probe-hybridisation assays. Real-time PCR was used for
detection of seven eae subtypes (a, b, c, d, , h and f) and four
putative virulence factors known to be associated with
plasmid pO157, i.e., enterohaemolysin (ehxA), catalase peroxi-
dase (katP), a type II secretion system (etpD) and a serine
protease (espP) [36].
Antibiograms
Antimicrobial susceptibility testing was performed by
disk-diffusion using disks supplied by Rosco (Taastrup,
Denmark). Susceptibility was tested against streptomycin,
gentamicin, tetracycline, ampicillin, sulphonamide, mecilli-
nam, nalidixic acid, chloramphenicol, spectinomycin,
cefuroxime, ciprofloxacin, apramycin, ceftiofur, colistin, kana-
mycin, nitrofurantoin, trimethoprim and phosphomycin.
For simplicity, intermediate resistance was classified as
resistance.
Statistical methods
Cases with a verified co-infection were excluded from the
case–case analysis of clinical symptoms; p values were
calculated by adjusting for gender, age group and season,
as described previously [30]. For the risk-factor analysis,
A ⁄ EEC-positive asymptomatic control children were com-
pared with A ⁄ EEC-negative asymptomatic control children;
children positive for virus, parasite or other bacterial path-
ogens were excluded from the analysis. A description of the
interview variables used in the case-control study has been
published previously [31]. Multivariate analysis was per-
formed as described previously [31], with adjustment for
gender, age and season, and a significance level of 95%. As
several cases were still ill at the time of interview, the median
duration of symptoms was calculated using the Kaplan–
Maier estimator.
RESULTS
A potential bacterial pathogen (E. coli, Salmonella,
Campylobacter or Yersinia) was isolated in 117
(28%) cases, while no pathogen was detected in
183 (43%) cases. Of 89 cases with a single bacterial
pathogen, 48 (54%) were diagnosed as diarrhoea-
genic E. coli, comprising nine VTEC, seven clas-
sical EPEC, 30 A ⁄ EEC, one enterotoxigenic E. coli
and one enteroinvasive E. coli (Table 1). As repor-
ted previously [30], A ⁄ EEC isolates were equally
prevalent among cases (11.3%) and controls
(12.5%), whereas classical EPEC serotypes were
found more often among cases (2.4%) than
among controls (0.7%). VTEC isolates were also
associated with diarrhoea, being found in 2.6% of
cases and 0.7% of controls.
Clinical data
Clinical data reported for cases infected with the
different E. coli groups are summarised in
Table 2. A case–case comparison of data from
cases infected with A ⁄ EEC and data from cases
infected with all other bacterial pathogens (EPEC,
VTEC, enteroinvasive E. coli, enterotoxigenic
E. coli and non-E. coli pathogens) was performed.
Likewise, clinical data from cases infected with
A ⁄ EEC were compared with clinical data from
cases in which no potential pathogen was detec-
ted (Table 2). Bloody stools were reported signi-
ficantly more often in the case group ‘all bacteria’
(37%) than in the A ⁄ EEC group (10%) (RR 3.7,
p <0.05), but were reported at a similar frequency
in the EPEC group (10% vs. 14%). Fever was also
reported significantly more frequently in the case
group ‘all bacteria’ (75%) than in the A ⁄ EEC
Table 1. Overview of the different types of bacteria found
in the study
Escherichia coli group Casesa Single infected casesb Controls
EPEC 10 7 5
VTEC 11 9 5
ETEC 1 1 1
EIEC 1 1 0
A ⁄ EEC 48 30 91
All E. coli 71 48 102
Non-E. coli bacterial pathogens 46 41 8
No potential pathogen detected 183 183 613
aIncludes cases infected by more than one agent.
bExcludes cases infected by more than one agent.
EPEC, enteropathogenic E. coli; VTEC, verocytotoxin-producing E. coli; ETEC,
enterotoxigenic E. coli; EIEC, enteroinvasive E. coli; A ⁄ EEC, non-EPEC attaching
and effacing E. coli.
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group (40%) (RR 1.9, p 0.01); however, there were
no differences between the A ⁄ EEC group and the
group of cases from whom no potentially patho-
genic bacteria were isolated. In patients with
A ⁄ EEC, the duration of disease symptoms (diar-
rhoea, fever, vomiting, abdominal pain or mal-
aise) had a median value of 30 days, compared
with 14 days in cases with no pathogen isolated
(p 0.012), but it was not possible to determine
from the questionnaire which of the single symp-
toms contributed to the duration of disease. Boys
(14.8%) were infected more often with A ⁄ EEC
than were girls (6.7%).
Serotype characterisation
The serotypes of the EPEC and A ⁄ EEC isolates are
shown in Table 3. Classical EPEC was found in
seven cases. O group O55 was the most common
EPEC O group (O55:H7, two cases; O55:H–, two
cases) and was not isolated from controls. A high
diversity of O:H– serotypes was observed among
A ⁄ EEC isolates from both cases and controls.
None of the new EPEC serotypes was found.
O88:H– [3], O145:H– [1] and O157:H16 [1], repre-
senting new EPEC O groups, were isolated only
from healthy controls (Table 3). Twenty-six sero-
types, represented by one or two isolates each,
were observed in the case group (30 isolates), and
60 were found in the control group (91 isolates).
In the control group, O51:H49 (n = 6), O+:H6
(n = 5) and O145:H34 (n = 5) predominated. Ten
serotypes were distributed evenly among cases
and controls. With respect to the distribution of
flagellar H groups, H34 predominated in the
control group (n = 11), but was represented by
only one isolate among cases. H1, H20 and H25
were observed exclusively among cases.
Table 2. Clinical data reported for cases infected with Escherichia coli and other bacteria: case–case comparisona
Symptom
A ⁄EEC
n = 30
EPEC
n = 7
VTEC
n = 9
Non-E. coli
bacteriab
n = 41
All
bacteriac
n = 59
No pathogen
detected
n = 183
p values
for A ⁄EEC
vs. ‘all bacteria’
p values
for A ⁄EEC vs.
‘no pathogen
detected’
Duration of
diarrhoead
30 35 30 12 15 14 0.073e 0.012e
Bloody stools 3 (10) 1 (14) 2 (22) 18 (44) 22 (37) 11 (6) 0.04 0.27
Abdominal
pain ⁄ nausea
16 (53) 3 (43) 5 (56) 33 (80) 43 (73) 117 (64) 0.40 0.79
Vomiting 9 (30) 2 (29) 3 (33) 14 (34) 20 (34) 71 (39) 0.80 0.49
Fever 12 (40) 4 (57) 4 (44) 36 (88) 44 (75) 99 (54) 0.01 0.14
Weight loss 9 (30) 2 (29) 2 (22) 23 (56) 29 (49) 67 (37) 0.17 0.27
Hospitalisation 3 (10) 3 (43) 3 (33) 7 (17) 14 (24) 23 (13) 0.19 0.72
Rehydration therapy 3 (10) 2 (29) 2 (22) 7 (17) 11 (19) 27 (15) 0.47 0.43
aCases infected by more than one agent were excluded. Numbers in parentheses are percentage of all cases.
bSalmonella (n = 19), Campylobacter (n = 12), and Yersinia enterocolitica (n = 10).
cExcluding A ⁄ EEC.
dKaplan–Meier estimate; median number of days.
eLog-rank test.
EPEC, enteropathogenic E. coli; VTEC, verocytotoxin-producing E. coli; A ⁄ EEC, non-EPEC attaching and effacing E. coli.
Table 3. Distribution of O:H serotypes among EPEC and
A ⁄ EEC isolatesa
Isolate O:H serotype Cases Controls Total
Classical EPEC O26:H– 0 2 2
O55:H– 2 0 2
O55:H7 2 0 2
O114:H– 1 1 2
O127:H– 1 0 1
O125ab:H6 0 1 1
O128ab:H2 0 1 1
O128abc:H2 1 0 1
Total 7 5 12
A ⁄ EEC O23:H8 2 1 3
O33:H6 0 3 3
O45:H– 1 1 2
O49:H10 0 2 2
O51:H49 0 6 6
O63:H6 2 1 3
O71:H6 0 2 2
O88:H– 0 3 3
O+:H– 1 2 3
O+:H6 0 5 5
O109:H21 1 1 2
O113:H6 2 4 6
O132:H34 1 4 5
O145:H34 0 5 5
O153:H7 1 4 5
O167:H9 1 2 3
O177:H– 1 1 2
O179:H31 0 2 2
Orough:H8 2 1 3
Othersb 15 41 56
Total 30 91 121
O+, O non-typeable; H+, H non-typeable; H–, non-motile.
aA ⁄ EEC serotypes were included if found in more than one child.
bSingle occurrence of A ⁄ EEC serotypes in cases: O3:H8; O14:H21; O45:H20; O81:H6;
O96:H7; O103:H12; O132:H1; O132:H–; O137:H6; O139:H–; O165:H–; O177:H6;
O177:H25; O181:H–; Orough:H10. Single occurrence of A ⁄ EEC serotypes in
controls: O2:H40; O2:H–; O5,71:H6; O15:H2; O18ac,177:H11; O22:H19; O33:H6,12;
O33:H12; O39,70:H11; O40:H6; O49:H–; O70:H11; O81:H+ O85:H–; O86:H8;
O92:H31; O98:H–; O98:H8; O+:H6,12; O+:H45; O+:H–; O103:H–; O103:H19; O105:
H4; O109:H11; O115:H–; O117:H–; O118:H5; O121:H45; O127:H40; O132:H29;
O142:H34; O145:H–; O153:H21; O156:H8; O157:H16; O168:H6; O168:H–; O174:H6;
O178:H21; Orough:H34.
EPEC, enteropathogenic Escherichia coli; A ⁄ EEC, non-EPEC attaching and effacing
E. coli.
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Intimin subtypes
Of the A ⁄ EEC isolates, 47% from cases and 48%
from controls could not be assigned to any of the
eae subtypes. Among the typeable A ⁄ EEC isolates,
eae-b and eae-h were the two most common
subtypes, with case-control ratios of 1.8 and 1.7,
respectively. Of the classical EPEC isolates, all
isolates from cases could be assigned to an eae
subtype, compared with only 60% of isolates from
controls; eae-c (57%) and eae-h (14%) were present
exclusively among case isolates, whereas eae-b was
present in 29% of case isolates and 40% of control
isolates. All eae-positive VTEC case isolates and
60% of control isolates were assigned to one of
three subtypes, i.e., c,  and b, with  being
predominant (56%) among case isolates (Table 4).
Plasmid-associated virulence factors
Isolates from cases and controls were investigated
for the occurrence of virulence factors (Table 4).
One typical EPEC (O114:H–) isolate from a
patient carried bfpA. Typical A ⁄ EEC strains car-
rying bfpA were present in six (1.4%) cases (two
O23:H8, two O63:H6, one Orough:H10 and one
O132:H34) and ten (1.2%) controls (one O23:H8,
two O49:H10, one O86:H8, three O88:H–, one
O98:H8, one O145:H34 and one O178:H21)
(OR 2.0, p 0.22; analysis carried out in the popu-
lation of A ⁄ EEC). Of the eae-positive isolates, 50%
from patients with diarrhoea were astA-positive,
whereas only 30% of the control group carried
astA (OR 2.4, p 0.049; analysis carried out in the
population of A ⁄ EEC). All isolates were tested for
the presence of four other putative virulence
genes: ehxA, espP, katP and etpD. These virulence
genes were detected frequently in VTEC isolates
from cases, but less frequently, or not at all, in
VTEC isolates from controls (Table 4).
Antibiograms
Antimicrobial susceptibility testing of E. coli iso-
lates revealed no distinct patterns of resistance
among the different groups. Thirty A ⁄ EEC iso-
lates from cases and 75 isolates from controls
were available for susceptibility testing. Of these,
24 (80%) and 67 (89%), respectively, were fully
susceptible to the entire panel of antibiotics
tested. Six isolates from cases showed resistance
to one or more antibiotics: one was multiresistant
(tetracycline, ampicillin, sulphonamide, chloram-
phenicol and kanamycin); one was resistant to
two antibiotics (tetracycline and trimethoprim);
and three were resistant to one antibiotic (amp-
icillin). Eight isolates from controls showed resist-
ance: two were multiresistant to the same five
antibiotics (streptomycin, tetracycline, ampicillin,
sulphonamide and kanamycin); one was addi-
tionally resistant to three antibiotics (ciprofloxa-
cin, nalidixic acid and trimethoprim); one was
resistant to three antibiotics (ampicillin, sulphon-
amide and kanamycin); one was resistant to two
antibiotics (ampicillin and sulphonamide); and
two were resistant to one antibiotic each (ampi-
cillin and tetracycline, respectively).
Among the classical EPEC isolates, six isolates
from cases and five isolates from controls were
available for susceptibility testing, of which two
Table 4. Virulence factors in eae-
positive isolates
Virulence factors
A ⁄EEC EPEC VTEC
Cases (%)
n = 30
Controls (%)
n = 91
Cases (%)
n = 7
Controls (%)
n = 5
Cases (%)
n = 9
Controls (%)
n = 5
eae subtype: a 1 (3) 10 (11) 0 (0) 1 (20) 0 (0) 0 (0)
eae subtype: b 7 (23) 12 (13) 2 (28) 2 (40) 1 (11) 1 (20)
eae subtype: d 1 (3) 6 (7) 0 (0) 0 (0) 0 (0) 0 (0)
eae subtype:  1 (3) 4 (4) 0 (0) 0 (0) 5 (56) 1 (20)
eae subtype: c 0 (0) 2 (2) 4 (57) 0 (0) 3 (33) 1 (20)
eae subtype: h 6 (20) 11 (12) 1 (14) 0 (0) 0 (0) 0 (0)
eae subtype: n 0 (0) 2 (2) 0 (0) 0 (0) 0 (0) 0 (0)
eae subtype: NT 14 (47) 44 (48) 0 (0) 2 (40) 0 (0) 2 (40)a
bfpA 6 (20) 10 (11) 1 (14) 0 (0) 0 (0) 0 (0)
astA 15 (50) 27 (30) 4 (57) 1 (20) 5 (56) 1 (20)
ehxA 3 (10) 2 (2) 0 (0) 0 (0) 9 (100) 3 (60)
etpD 1 (3) 3 (3) 1 (14) 0 (0) 6 (67) 0 (0)
espP 1 (3) 4 (4) 0 (0) 0 (0) 5 (56) 2 (40)
katP 0 (0) 4 (4) 0 (0) 0 (0) 7 (78) 2 (40)
eae + Vfb 16 (52) 32 (45) 5 (71) 1 (20) 9 (100) 3 (60)
aOne VTEC isolate was eae-negative.
beae + Vf: includes strains carrying eae and at least one of the other tested virulence factors.
EPEC, enteropathogenic Escherichia coli; VTEC, verocytotoxin-producing E. coli; A ⁄ EEC, non-EPEC attaching and
effacing E. coli; NT, not typeable, i.e., eae subtype not belonging to any of the seven subtypes tested.
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case isolates and three control isolates showed full
susceptibility. Among VTEC isolates, five case
isolates and three control isolates were available
for susceptibility testing, of which two case
isolates and three control isolates showed full
susceptibility.
Risk-factor analysis
As A ⁄ EEC were isolated at equal frequencies
from cases and controls, it was not relevant to
perform an analysis of risk-factors for being a case
infected with A ⁄ EEC. Instead, an analysis of risk-
factors for being infected asymptomatically was
performed, using data for controls only, in which
91 asymptomatic A ⁄ EEC-positive children were
compared with 613 asymptomatic A ⁄ EEC-negat-
ive children. The variables from the interviews of
parents concerning exposure to putative risks for
diarrhoeal disease were examined in a univariate
analysis (data not shown). Variables associated
significantly with A ⁄ EEC infection were then
tested in a multivariate model. Only one variable
was found to be associated significantly with
A ⁄ EEC infection, namely exposure to sheep or
goats in the 2-week period before interview. In
total, 17 (19%) of 91 A ⁄ EEC-positive children had
been exposed, compared with 62 (10%) of 613
negative children, resulting in an adjusted OR of
2.2 (95% CI 1.2–4.0).
DISCUSSION
A previous case-control study of Danish children
with diarrhoea found that A ⁄ EEC strains were
equally prevalent among cases and controls [30].
The purpose of the present study was to search
for traits of A ⁄ EEC and (new) EPEC, including
their status as typical or atypical strains, which
were associated with gastrointestinal illness in
this well-characterised population. In addition,
the study aimed to describe strain and patient
characteristics in more detail than has been done
previously [30].
When the symptoms of the children with
A ⁄ EEC infection were compared with those of
children with a diagnosed pathogenic bacterial
infection and children in whom no pathogen was
detected, they resembled the latter. Patients with
a diagnosed bacterial infection reported bloody
stools and fever more often than patients with
A ⁄ EEC, but both symptoms were similar for
A ⁄ EEC and EPEC. However, the duration of
disease was longer than that with other bacterial
agents, even though the duration was not well-
defined in the present study. Two recent studies
have found a similar association between atypical
eae-positive E. coli and prolonged diarrhoea
[28,37]. The identification of A ⁄ EEC at the present
level of characterisation is clearly insufficient, and
more detailed clinical histories and epidemiolog-
ical studies are needed to determine if, and how,
such strains behave as human pathogens.
The characteristics of the A ⁄ EEC isolates did not
unequivocally support the hypothesis that A ⁄ EEC
isolates from cases were different than those from
controls. However, there was a tendency towards
a higher prevalence of astA in isolates from
children with diarrhoea than in isolates from
controls, and this factor may be of importance in
discriminating between pathogenic and non-
pathogenic strains of A ⁄ EEC. Interestingly, a
study from Brazil found EAST1 (the product of
astA) to be associated significantly with diarrhoea
[38]. The presence of bfpA in typical A ⁄ EEC tended
to be more frequent in cases than in controls, as
was ehxA in VTEC isolates, but the overall preval-
ence of these plasmid-associated virulence genes
was low. Only 1.7% (7 ⁄ 422) of cases and 1.2%
(10 ⁄ 866) of controls carried bfpA- and eae-positive
E. coli. Trabulsi et al. [14] concluded that atypical
EPEC are more frequent than typical EPEC in
industrialised countries, and several recent
reports, in which atypical eae-positive E. coli out-
numbered typical eae-positive E. coli, seem to
indicate that this is a general trend throughout
the world [37,39–42]. In Melbourne, Australia,
atypical EPEC strains were the diarrhoeagenic
organisms isolated most frequently from patients
with gastroenteritis, and were isolated at signifi-
cantly higher rates (12.8% of 696) than from
asymptomatic individuals (2.3% of 489) [39]. In
Cincinatti, USA, eae-positive E. coli strains, most of
which were atypical, were isolated from 6.9% of
emergency department patients and from 5% of
inpatients with diarrhoea, compared with 4.5%
of healthy controls aged <5 years [43].
Determination of the subtypes of the eae gene
did not reveal differences between isolates from
cases and controls. A large number of different
serotypes was found, and the only difference in
the distribution of serotypes between A ⁄ EEC
strains from cases and those from controls was
observed for the three most commonly isolated
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serotypes, O51:H49 (n = 6), O+:H6 (n = 5) and
O145:H34 (n = 5), which were isolated only from
controls and from three cases with mixed infec-
tions. Taken together, these three serotypes
accounted for 17% of all eae-positive E. coli
isolates from controls. This is significantly higher
than the 6% observed during the study period
from sporadic cases not included in the case-
control study when all eae-positive E. coli strains
were serotyped (personal unpublished data). The
reason for this difference is uncertain, since the
same serotypes were also isolated from cases of
prolonged diarrhoea by Nguyen et al. [37].
Finally, antibiogram typing did not reveal any
differences between isolates from cases and con-
trols. Most isolates were fully susceptible, and
antibiotic resistance did not seem to be a partic-
ular problem in Denmark, as also indicated by the
national surveillance program for bacterial anti-
microbial drug resistance (http://www.dfuf.dk/
default.apex?id=10436).
The present study suggests that some of the
A ⁄ EEC strains in an industrialised European
country may be low-virulence or non-virulent
commensals, and part of the normal flora in small
children. Asymptomatic infection by diarrhoea-
genic E. coli in children has been described in
Argentina, where a cohort of 44 infants was
followed and cultured during the first 20 months
[44]. In this study, the median age for colonisation
with eae- and eae ⁄ bfpA-positive E. coli was
6.6 months, and c. 40% of the children were
colonised during their first 11 months. However,
a significantly lower incidence of diarrhoea and
asymptomatic infection was recorded among
exclusively breast-fed children than in children
who were either fed milk supplemented with
formula or who were not breast-fed. This is in
agreement with a recent report on risk-factors for
diarrhoea among Danish children, in which for-
mulated milk products were associated with
diarrhoea, and breast-feeding was associated with
a decrease in the risk of diarrhoea [31]. Thus, the
protective value of breast-feeding, and its contri-
bution to host susceptibility in children, may play
a significant role in the course of colonisation
leading to symptomatic infection.
Acquired immunity may also contribute to host
susceptibility. Adults subjected to homologous
re-challenge with a wild-type EPEC strain devel-
op significantly milder disease symptoms in
comparison with the initial infection, and this
correlates with elevated IgG levels towards the
lipopolysaccharide O antigen of the infecting
strain [45]. Children exhibit an IgG response,
particularly towards BFP and EspB, and, to a
lesser extent, EspA and intimin [46,47]. Therefore,
naturally acquired immunity against specific
combinations of virulence factors in A ⁄ EEC could
also play a role in the course of infection, leading
to a reduced disease-to-infection ratio and a
broader variety of disease symptoms in individ-
uals re-infected with the same pathotypes. The
high prevalence of eae-positive E. coli isolated
from both cases and controls suggests that chil-
dren are exposed to bacterial surface antigens
capable of eliciting an antibody response at a very
early age. Acquired immunity and host suscepti-
bility among controls may therefore, in theory,
pose a problem in analysing a case-control study
such as that described here. Although the overall
sample size of the present study was substantial,
the number of children with A ⁄ EEC was too low
to conduct an analysis restricted to infants aged
<6 months. Such an analysis, given sufficient
power, might have revealed a pathogenic poten-
tial for A ⁄ EEC, although this remains speculative.
At present, the implication of isolating A ⁄ EEC
from cases reporting gastrointestinal symptoms is
that additional faecal samples should be exam-
ined, if still indicated on clinical grounds. Fur-
thermore, in cases of continuous unchanged
symptoms, such patients should be subjected to
further medical investigations for possible non-
infectious causes of diarrhoea.
In multivariate risk-factor analysis, only one
variable was found to be associated significantly
with A ⁄ EEC infection, namely exposure to sheep
or goats in the 2-week period before the onset of
symptoms. This risk-factor is likely to be specific
to small children, and although the risk could not
be assessed for EPEC and VTEC cases because of
the small number in the study, it seems plausible
that sheep and goats are also an important source
of infection for these other E. coli groups. In a
study from Germany, eae-positive E. coli strains
were excreted from sheep as well as other
domestic animals [48]. Direct transmission from
ruminants has been described as a source of
several VTEC outbreaks among children [49,50],
underlining the importance of hygienic measures
at petting zoos and while visiting farms.
Classical EPEC O:H serotypes were isolated
from ten cases and five controls. In contrast to
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classical EPEC isolates, the distribution of sero-
groups among A ⁄ EEC isolates showed great
variation, indicating that they are of non-clonal
origin. Serotypes O39:NM [17], O88:H25
[16,18,51], O111:H8 [14], O111:H9 [14], O126:H12
[15], O127:H4 [19], O145:H45 [16,18], O157:H8
[34] and O157:H45 [35] have been proposed as
new EPEC O:H serotypes. However, isolation of
these serotypes has been restricted to specific
geographical areas, and their epidemiology may
be connected to the areas in which they were
originally described. At least two of these sero-
types have caused outbreaks of infection: O39:H–
caused an outbreak among adults who ate at a
buffet [17], and O111:H9 (H9 typed by the
International Escherichia and Klebsiella Centre
(WHO), personal unpublished data) caused a
large outbreak affecting 611 pupils and 39 adults
at a school complex in Finland [52]. In Japan,
atypical eae- and astA-positive E. coli of serotype
O+:H45 was associated with a waterborne out-
break affecting 41 students [53]. None of these
serotypes was isolated in the present study.
Using a PCR assay for five intimin subtypes,
Gomes et al. [54] found that most (65%) eae-
positive isolates could not be assigned to a
subtype. In the present study, assays for seven
subtypes were performed, and the two additional
subtypes (h and n) accounted for 17% of the
isolates. The 52% typeability rate in the present
study is thus comparable to that reported by
Gomes et al. [54] in Brazil. The intimin (eae)
subtypes in A ⁄ EEC isolates showed an even
distribution; among classical EPEC cases, eae-c
predominated. Of the A ⁄ EEC isolates, 10% car-
ried at least one of the plasmid-associated viru-
lence factors ehxA, espP, katP and etpD, as did 6%
of the isolates from controls, indicating that these
strains presumably possess the O157 virulence
plasmid, and may therefore be more related to
VTEC than to EPEC.
In conclusion, apart from a higher prevalence
of astA, a thorough phenotypic and genotypic
characterisation of the A ⁄ EEC isolates did not
reveal marked differences in serotypes, presence
of virulence genes, eae subtype or antimicrobial
resistance between cases and controls. Further-
more, virulence genes specific for EPEC were not
identified, and thus serotyping is still necessary in
order to discriminate among classical EPEC, new
EPEC and A ⁄ EEC. It is likely that A ⁄ EEC strains
are highly prevalent organisms, and that the onset
of diarrhoea is dependent on host factors rather
than bacterial traits. To challenge this view, future
epidemiological studies of A ⁄ EEC should: (i)
focus on the youngest children, in order to reduce
the risk that asymptomatic children are immune
or otherwise protected; and (ii) include a wide
array of potential virulence factors, in order to
determine possible virulence types. Such investi-
gations should preferably be designed as cohort
studies, with a very detailed follow-up of infants
in order to determine the age-specific disease-to-
infection ratio for different types of A ⁄ EEC.
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